Essential oils extracted from leaves and fruits of Schinus areira (Anacardiaceae) were tested for their repellent, toxic and feeding deterrent properties against Tribolium castaneum (Coleoptera: Tenebrionidae) larvae and adults. A topical application assay was employed for the contact toxicity study and filter paper impregnation for the fumigant assay. A treated diet was also used to evaluate the repellent activity and a flour disk bioassay for the feeding deterrent action and nutritional index alteration. The essential oil of the leaves contained mainly monoterpenoids, with α-phellandrene, 3-carene and camphene predominant, whereas that from the fruits contained mainly α-phellandrene, 3-carene and β-myrcene. The leaf essential oil showed repellent effects, whereas that from the fruit was an attractant. Both oils produced mortality against larvae in topical and fumigant bioassays, but fumigant toxicity was not found against adults. Moreover, both essential oils produced some alterations in nutritional index. These results show that the essential oils from S. areira could be applicable to the management of populations of Tribolium castaneum.
In Argentina, postharvest losses caused by insects and/or mites are estimated as between 7 and 10% of total production [1a] . The legislation of this country establishes the rejection of any merchandise with a single insect and/or live mite in any commercialization stage [1b] .
Tribolium castaneum Herbst. is one of the most serious pests of stored and processed cereal products worldwide. Synthetic residual insecticides are the most commonly used protectants against this pest, but the application of these to grain storage has led to many problems including the development of insecticide resistance, possible health hazards, especially to mammals, and the risk of environmental contamination [2a,2b] . Therefore, efforts have recently been focused on the use of plant oils and their bioactive chemical constituents for protection of agricultural products as possible alternatives to synthetic insecticides due to their low mammalian toxicity and low persistence in the environment [2c] . Essential oils have been shown to possess a range of different biological properties, including the control of stored grain pests [3a-3e] .
Schinus areira (L.) DC. is used in popular medicine for its astringent, diuretic and antispasmodic properties, among others [4a] . Also, it has been demonstrated that the essential oils and extracts from this plant have insecticidal, insect repellent, and feeding deterrent effects against several pests [4b-4d] .
In the present study we report the contact, fumigant, repellent and/or attractant feeding deterrent activities, and the alterations in the nutritional physiology produced by the essential oils from leaves and fruits of S. areira on 25 day-old larvae and 3-to 4-day-old adults of T. castaneum. Furthermore, the essential oils compositions were characterized.
Gas chromatography-mass spectrometry revealed that the essential oil from the leaves of S. areira contained mainly monoterpenoids, the predominant of which were αphellandrene (28.5%), 3-carene (20.8%) and camphene (10.9%). The essential oil from the fruits contained mainly α-phellandrene (24.8%), 3-carene (21.3%) and β-myrcene (19.7%) (Table 1 ). Previous work reported that the main compounds of the essential oil from leaves of S. molle var areira were limonene (15.7%) and α-phellandrene (13.8%), and from fruits limonene (40.3%), α-phellandrene (24.5%) and β-myrcene (16.3%) [5a] . However, it is known that significant intra-species variation exists in the chemical composition, depending on season, time and geographical origin [5b,5c]. The repellent effects produced by the essential oils of S. areira on T. castaneum larvae and adults can be observed in Tables 2 and 3, respectively. It can be inferred from the analysis of these that the leaf oil produced a repellent effect, whereas the fruit oil produced an attractant effect at the same concentration. A repellent activity on T. castaneum was observed earlier with the essential oils from Baccharis salicifolia [6a] . On the other hand, extracts of other plants did not produce a repellent effect on this insect [6b,6c]. No fumigant toxicity was observed with either of the essential oils on T. castaneum adults. This could be due to the thickness of the cuticle or its composition [7a] , the need of higher concentrations to reach mortality, or the necessity of a longer exposure time [2c]. A similar situation has been observed previously with the essential oils of other plants against T. confusum [7b].
In the fumigant toxicity bioassay the essential oil from fruits of S. areira produced 100% mortality of T. castaneum larvae at a concentration of 40 mg L -1 air. At the highest concentration used, the leaf oil produced 20% mortality (Table 4 ). Other authors demonstrated fumigant activity with differents essential oils on T. castaneum [2c,8a,8b]. In contact toxicity bioassays both essential oils showed activity against larvae and adults of T. castaneum. A doseresponse relationship was observed between the essential oil applied and the percentage of insect mortality. At the highest doses (8 μg/ insect), the oil from leaves was more toxic than that of the fruit oil for both stages evaluated. However, the essential oil from leaves was found to be more toxic to adults than larvae (Tables 5 and 6). These findings are similar to those of garlic oil [9a] and cardamom oil [9b]. 10.0 ± 5.77 abc 10.0 ± 5.77 abc 13.3 ± 3.33 bcd 20.0 ± 0 cd Different letters in the same column indicate significant differences (p ≤ 0.05) between treatments according to ANOVA and minimum significant difference (MSD). The difference in the susceptibility could be due to many factors. For example, it is interesting to note that moulting of some of the larvae took place during the experiments and moulted larvae tended to survive the treatment. The toxin was probably removed via the exuviae. Similar observations have also been made on T. castaneum larvae [10a,10b] . On the other hand, the tolerance observed in the larval stage could be due to differences in the metabolism Essential oil of Schinus areira Natural Product Communications Vol. 6 (6) 2011 889 of xenobiotics depending of the insect stage. A similar trend in tolerance has been observed in this insect [10a,10c] .
In Tables 7 and 8 , the results are shown corresponding to the effects produced by both oils in relation to the nutritional indices and the antifeeding activity on T. castaneum larvae and adults. For T. castaneum larvae, the oil from leaves significantly reduced the growth rate and the efficiency of conversion of ingested food at a concentration of 0.04 mg/disk (p<0.05). This concentration also produced 16% mortality as a consequence of a possible post-ingestion toxicity due to the slight AE and the decrease in ECI. The extracts and essential oil of different plants also produced post-ingestion toxicity in some pests [11a-11c] . For T. castaneum adults, the essential oil from leaves had a low feeding deterrent action at both concentrations.
This study demonstrates that the essential oils of S. areira had fumigant and contact toxicity against T. castaneum larvae, and contact toxicity to T. castaneum adults. Furthermore, S. areira exhibited repellent activity and altered the nutritional physiology of this pest. The observed biological activity demonstrates that these essential oils are a source of active compounds that may have potential for use to control T. castaneum.
Experimental
Insects: T. castaneum Herbst. (a strain normally susceptible to insecticide) was maintained in glass flasks (25±1°C; 60-70% RH; 12:12 photoperiod), and reared on a mixture of wheat, yeast and powder milk (13:1:1, w/w) as food.
Plant material:
Leaves and fruits of Schinus areira (L.) DC. were collected in Bahía Blanca (38º 44' lat. 62º 16' long.), Buenos Aires province, Argentina (Herbarium Voucher Number, BBB CV 10444). Essential oils were extracted from fresh samples using a Clevenger-type apparatus by hydro-distillation for 4 h. These oils were dried over anhydrous sodium sulfate and stored in the dark at 4ºC in nitrogen. Plant oil yields were 0.22% (w/w) and 0.42% (w/w) for leaves and fruits, respectively.
Essential oils:
The chemical composition of the essential oils was determined by gas chromatography-mass spectrometry (GC-MS). GC analysis was performed with a Hewlett-Packard 5890 Series II gas chromatograph, equipped with a HP-5972 (EI-70eV) mass selective detector and a HP-5MS capillary column (25 m × 0.25 mm i.d., 0.25 μm film thickness). The mass-range was 10 to 700. The temperature of the injection block was 250°C. The GC oven temperature started at 50ºC and was then programmed at 5ºC min −1 to 250ºC and then held at this temperature for 10 min. The FID detector temperature was set at 300°C. Helium was used as carrier gas with a flow rate of 1 mL min −1 . Aliquots of the essential oils were dissolved in n-hexane for analysis. Oil components were identified by comparison of their retention indices (Kovats Indices) with those of known compounds and also by comparison of their MS with those stored in the MS data base (NBS75K.LMS DATA).
Bioassays
Repellency test: The repellency test against larvae was evaluated according to the method of Pascual Villalobos [12] . Petri dishes (diam. 9 cm) were divided into 3 zones. In one zone, 2 g of diet mixed with 2 mL of n-hexane (control) was placed. In another zone, 2 g of diet mixed with 2 mL of n-hexane solutions of the essentials oils at 0.4% (w/v) was placed. Ten larvae were released in the middle of the Petri dish. Three independant replicates were set up. After 24 h, the number of larvae on each amount of diet was counted. A Repellency Proportion (RP) and an Attractancy Proportion (AP) were calculated as: RP= NB/NT or AP= NA/NT where: NB= number of insects on the untreated zone; NA= number of insects on the treated zone; and NT= number of total insects. A statistical Z was calculated to standardize an originating proportion of a binomial distribution: Z= n (RP-P0) / √ nP0 (1-P0) Z= n (AP-P0) / √ nP0 (1-P0) where: n = number of insects used for each concentration; P0 = expected proportion (P0: 0.5). The Z value was compared with t critic 0.05 (t = 1.96, df = ∞; P < 0.05) or t critic 0.01 (t = 2.57; df = ∞; P < 0.01) [13] .
890 Natural Product Communications Vol. 6 (6) 2011 Descamps et al. The repellency test against adults was evaluated according to Procopio et al. [14] . An experimental arena made of a central box connected by cylinders to 4 boxes symmetrically distributed around the first was used. Two boxes received diet (2 g) treated with solutions of oils in nhexane (2 mL) at 0.4% (w/v), and rations (2 g) impregnated with n-hexane (2 mL) were put in the remaining boxes as controls. In the central box, 40 unsexed adults (3 to 4 days old) were released. After 24 h, the preference index (PI) was calculated using the equation: PI = (percentage of insects in treated ration) -(percentage of insects in non-treated ration) / (percentage of insects in treated ration) + (percentage of insects in non-treated ration) where PI: -1.00 to -0.10 indicates repellent plant, PI: -0.10 to +0.10 neutral plant, and PI: +0.10 to +1.00 attractant plant.
Fumigant activity test:
The fumigant activity against larvae and adults was conducted according to Tripathi et al. [15] . Filter paper strips (3 x 4 cm) were impregnated with either 100 μL of different n-hexane solution concentrations of the oil (8, 20, 40, 80 mg L -1 air) or nhexane as control. After evaporating the solvent for 5 min in air, the treated filter paper strip was placed at the bottom of a 500 mL glass vial. Ten larvae or adults of T. castaneum, along with culture media were kept separately in small vials that had both open ends covered with a wire net. Each small vial was hung with thin metal wire at the geometrical centre of the glass vial and the glass vial tightly closed with the lid. Three replications for each essential oil were set up. Mortality was determined after 72 h. Data were analyzed by ANOVA and MSD [13] .
Contact toxicity test:
To determine the contact toxicity of the essential oils, aliquots of 0.2 μL per insect were applied ventrally to the thorax of adults using a micro applicator. Controls were determined using n-hexane. Ten insects were used for each concentration and control. Three independent replicates were conducted. Both treated and control insects were then transferred to glass vials (10 insects per vial) and kept in incubators at 25 ± 1ºC, 60% RH and with a 12:12 photoperiod. Mortality was determined after 72 h. Data were analyzed by ANOVA and MSD [13] .
Antifeedant activity test:
The antifeeding activity and the alteration in the nutritional physiology in larvae and adults were evaluated according to Huang et al. [16a] . n-Hexane solutions of the oils were prepared at concentrations of 0, 0.04 and 0.4 mg disk -1 . Two disks of wheat flour were impregnated with 10 μL of these solutions, weighed, and put in separate containers. A control group with n-hexane treated disks was prepared. Either 10 adult insects or 10 larvae, previously weighed on a scale (FX/FY series FX400, Frankfurt, Germany), were put into each container. After maintaining them during 72 h in controlled conditions, the weight of the disks, mortality, and weight of living insects were registered. Six replicates were carried out. Nutritional indices were calculated: Relative growth rate (RGR) = (A-B)/(B x day), where A = weight of insects alive on the third day/number of insects alive on the third day; B = original weight of insects/ total number of insects; relative consumption rate (RCR), which indicates the consumption of the insects related to their initial weight and the duration of the assay RCR = D/(B x day), where D = biomass ingested (mg)/number of insects alive on the third day; efficiency of conversion of ingested food (ECI) (%) indicates the quantity of food used for weight gain in the insects, ECI = (RGR/RCR) x 100. The antifeeding effect (AE), was calculated as AE (%) = [(C-T)/ C] x 100 where C = consumption of control disks (mg) and T = consumption of treated disks (mg). Positive values express a feeding deterrent effect and negative values a feeding stimulant effect [16b]. Data were analyzed by ANOVA and MSD [13] .
